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Abstract
Objective: Recent reports suggest persistence of health disparities related to socioeconomic position (SEP). To understand if diet may be a contributor to these trends,
we examined secular trends in the association of diet and indicators of SEP from
1971 –1975 to 1999 –2002.
Design: We used data from the National Health and Nutrition Examination Surveys
(NHANES) I (1971–1975), II (1976–1980), III (1988–1994) and 1999–2002 to
examine the independent associations of poverty income ratio (PIR) and education
with diet and biomarkers of diet and disease in 25 –74-year-olds (n ¼ 36 600). We
used logistic and linear regression methods to adjust for multiple covariates and
survey design to examine these associations.
Results: A large PIR differential in the likelihood of reporting a fruit or all five food
groups and vitamin C intake, and an education differential in likelihood of obesity
and carbohydrate intake, was noted in 1971–1975 but narrowed in 1999– 2002
(P , 0.007). The positive association of education with intake of a fruit, vegetable or
all five food groups, vitamins A and C, calcium and potassium intake remained
unchanged across surveys (P , 0.001). Similarly, the positive association of PIR with
the amount of foods and intakes of energy and potassium remained unchanged over
three decades (P , 0.001). The education and the PIR differential in energy density,
and the PIR differential in the likelihood of obesity, persisted over the period of the
four surveys (P , 0.001).
Conclusions: Persistence of unfavourable dietary and biomarker profiles in Americans
with low income and education suggests continued need for improvement in the
quality of diets of these high-risk groups.
Measures of socio-economic position (SEP) such as
education and family income have generally been shown
to relate inversely with mortality and morbidity1 – 4. Recent
reports suggest that the previously reported socioeconomic differential in all-cause, cardiovascular and
cancer mortality and healthy life expectancy in the USA
may be increasing over time5 – 9. Socio-economic disparities
in health may be attributable to income, access to quality
health
care,
environmental
exposures,
early
life environment, lifestyle, and health risk behaviours
including diet10 – 12.
Dietary factors contribute substantially to the burden of
preventable illnesses and premature deaths in the USA.
†Preliminary results were presented at Experimental Biology 2005
held in San Diego, CA, USA on 2–6 April 2005.
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Diet is a health risk behaviour which has been shown to
relate to three of the leading causes of death in the USA
(coronary heart disease, certain cancers and stroke)1.
Diet also plays a major role in the development and
management of morbidities such as obesity, diabetes,
hypertension and osteoporosis1,13. Although it is generally
believed that in affluent societies higher SEP may be
associated with healthier dietary profiles, surprisingly little
has been published on changes in the association of SEP
and attributes of diet quality over time in the US
population. To understand whether diet may be one of
the explanatory variables for persistence of SEP disparity
in health, we examined secular trends in the independent
associations of two measures of SEP – education and
income – with self-reported dietary attributes and
biomarkers in the US population.
q The Authors 2007
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Materials and methods
We used data from the National Health and Nutrition
Examination Surveys (NHANES) I (1971–1975), II (1976–
1980), III (1988–1994) and 1999–2002, conducted by the
National Center for Health Statistics (NCHS) of the Centers
for Disease Control and Prevention14. The NHANES I, II
and III were multi-year surveys; beginning in 1999, the
NHANES became a continuous annual survey and these
data are being released for two years at a time. The sample
design for each survey is a stratified, multistage, national
probability sample of the USA. NHANES I and II sampled
subjects aged 1 to 74 years; NHANES III sampled ages 2
months and older; and NHANES 1999 –2002 included all
ages. The survey procedures consisted of a household
interview of the sample person conducted by a trained
interviewer and a health examination in the mobile
examination centre (MEC). Weight and height measurements, interview to collect a 24-hour dietary recall, and
blood and urine specimens were obtained in the MEC.
Survey response rates for examined (MEC) individuals for
NHANES I, II, III and 1999–2000 were 74, 73, 78 and 76%,
respectively14.
Information on measures of SEP
Education
Each NHANES collected information on the highest grade
of education completed by the survey respondent. Ease of
measurement, applicability to people not in the labour
force, stability over adult lifespan and the fact that health
status (or diet) does not influence level of education make
it a powerful and widely used indicator of SEP in US public
health research15,16. Due to unavailability of more detailed
education information in the NHANES 1999 –2002 public
release dataset, in this study we operationalised the level
of education as ,12, 12 and . 12 years.
Poverty income ratio
For each NHANES, the NCHS has computed a poverty
income ratio (PIR) based on the survey-year-specific
poverty threshold from the US Census Bureau14. The PIR is
a ratio of total family income to the poverty threshold for a
family of given characteristics specific to each survey. A PIR
of , 1 suggests that income is below the poverty level.
Although not without limitations, the PIR is a normative
construct as it assesses income in relation to need adjusting
for inflation. Various authors have argued that examining
PIR as just below or above poverty provides little
information about the relationship of income gradient
with health15,16. Therefore, we operationalised the PIR
variable as , 1.0, 1.0–1.99, 2.0–2.99, 3.0–3.99 and $ 4.0.
Dietary methods
All the NHANES collected dietary information using a 24hour dietary recall administered by a trained dietary
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interviewer in the MEC . Beginning with NHANES III,
trained dietary interviewers administered the 24-hour
recall using an automated, interactive format with built-in
probes to improve the quality of the recalls obtained. The
dietary recalls collected for the NHANES 1999 –2000 and
2001 survey years used a computer-assisted dietary
interview which included a four-step multiple-pass
approach14. In NHANES 2002, the dietary data were
collected using a multiple-pass approach with dietary
recall methods that are part of the integrated US
Department of Agriculture and NHANES ‘What We Eat in
America’ protocol14.
Dietary outcome variables
To obtain a comprehensive picture of secular changes in
diet and SEP associations, we examined two types of
dietary attribute in this study. The first group may be
considered to relate with reported quantity of food which in
turn may relate with energy intake and body weight, and
included total amount of reported foods and beverages,
energy content and energy density of the reported diet.
These variables are especially pertinent given recent
reports suggesting that the portion sizes consumed by
Americans have increased over the period of surveys
examined in this study17. The energy density of diets is
receiving considerable attention as a correlate of energy
intake and body weight18 – 22, and is also believed to have
changed over the past three decades. There is no consensus
on how energy density should be defined19 – 21. The
association of different energy density measures with
nutrient profiles and body weight varies depending on how
this variable is defined19 – 21. For example, the association of
energy and nutrient intake with energy density variables
that included beverages was not as strong as with energy
density variables derived from solid foods21, possibly due
to a different physiological mechanism of regulation of
beverage intake as suggested by Rolls et al.22. Therefore, in
the present study, we assessed dietary energy density (kcal
per g) of all foods and nutritive beverages (i.e. milk and
100% juices, but excluding all alcoholic and non-alcoholic
energy-yielding or non-energy-yielding beverages – e.g.
coffee, tea, sodas, juice drinks).
The second group of dietary variables included
foods/nutrients potentially related to health. Many
nutrients with known associations with health – vitamin
E, folate, dietary fibre and carotenoids – were not
available for all surveys; therefore the nutrients examined
were limited to those available in all surveys, and included
intakes of fat and saturated fat, carbohydrate, and the
micronutrients vitamins C and A, calcium and potassium.
Whether respondents mentioned any food from the fruit
or vegetable group (as defined below) and a summary
measure of overall diet quality – dietary diversity score
(DDS)23 – were also examined. The DDS, a relatively
simple measure of diet quality, was shown to relate with
mortality in the NHANES I epidemiologic follow-up study
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cohort and with biomarkers in NHANES III . The DDS
considers whether or not a food from each of the five
major food groups (fruit, vegetable, dairy, meat/alternative, and grain) was mentioned in the recall23. To compute
the DDS, foods reported in each survey were grouped into
one or more of the major food groups using methods
described previously23. The fruit group included all fresh,
frozen or canned fruits and 100% juices, but excluded fruit
drinks and fruit desserts such as fruit pies. The vegetable
group included all raw, canned and frozen vegetables and
juices. The grain group included all cereals, breads, pasta,
rice, etc., but excluded pastries, cookies, cakes and pies.
The meat group included eggs, meat, poultry, fish and
alternatives such as beans, nuts and seeds. The dairy
group included milk, yoghurt and cheese but excluded ice
cream and other dairy desserts. Foods in mixed dishes
were grouped into all the constituent food groups.
As an estimate of possible low energy reporting, a ratio of
reported energy intake (EI) to basal energy expenditure
(BEE) was also computed. The BEE was estimated using
age-, sex- and weight-specific equations developed by the
Dietary Reference Intakes committee26. We used an EI/BEE
ratio of , 1.2 to suggest low energy reporting in this study.
Biomarkers
We also examined trends in the association of SEP with
three biomarkers: body mass index (BMI), serum total
cholesterol (TC) and serum high-density lipoprotein
cholesterol (HDL-C). Serum HDL-C was not available for
NHANES I; these analyses included data from the latter
three surveys.
Analytic sample
For each of the four surveys, all non-pregnant, nonlactating respondents aged 25 –74 years, with a 24-hour
dietary recall (considered reliable by the NCHS) and with
information on PIR and education were included in the
analytic sample. The lower age cut-off of 25 years was
chosen because post-school education is usually completed by this age; the upper age cut-off of 74 years was
necessary because NHANES I and II did not include
respondents older than 74 years. The total sample size for
the four surveys was 36 600 (NHANES I ¼ 10 065; NHANES
II ¼ 9659; NHANES III ¼ 11 002; NHANES 1999 –
2002 ¼ 5874).
Analytical methods
We used linear or logistic multiple regression models to
assess the independent association of education and PIR
with dietary and biomarker outcomes. Because of
differences in the distribution of a number of factors that
may be associated with reporting of food intake among
surveys, the regression models included gender, age, age2,
race (white, black, other), PIR (, 1.0, 1.0–1.99, 2.0–2.99,
3.0–3.99, $ 4.0), years of education (, 12, 12, .12) and
survey (NHANES I, NHANES II, NHANES III, NHANES

1999–2002) as independent variables with each dietary
attribute or biomarker as a continuous or binary outcome.
Regression models for predicting changes in the SEP –
biomarker associations also included smoking status,
alcohol use status and leisure-time physical activity as
covariates. The race/ethnicity categories available in
NHANES 1999–2002 differ markedly from race categories
in earlier surveys. NHANES I and II provide only white,
black and other categories. NHANES III provides both
race- and ethnicity-specific categories. However, NHANES
1999 –2002 provides only ethnicity-specific categories
(non-Hispanic whites, non-Hispanic black, Mexican
American, Other Hispanic and All other). Therefore, we
categorised race as white, black and other as available in
NHANES I, II and III. For NHANES 1999–2002, we
grouped Mexican-Americans and other Hispanics with
non-Hispanic whites. These methods are similar to those
used by others27. To assess whether the association of
education or PIR with dietary attributes differed among the
four surveys, all models included two interaction terms:
PIR by survey and education by survey. If the interaction
term(s) was not significant, we examined the main effects
of education and PIR after exclusion of the interaction
term(s), across all surveys combined. A backwards
stepwise regression with an exclusion criterion of
P . 0.01 for the interaction was used to determine
which interactions remained in the model. The mean
estimates presented in the tables and figures are predictive
margins obtained from fully adjusted regression models28.
In tests for trend and interaction, survey, education and
PIR were modelled as continuous variables.
Because we combined the data from four surveys for
these analyses, our approach was to treat the data from the
four different surveys as independent samples from
different populations. Therefore, we weighted the data
in our analyses using the NCHS-assigned survey-specific
sample weights so as to produce estimates that
represented each population29. All statistical analyses
were adjusted for the sample weights and complex sample
design of the four national surveys by using SAS callable
SUDAAN, version 9.030. All P-values were two-sided.
Given the multiple tests of association done in this study
and the large sample size, we chose a conservative
criterion of P , 0.01 for finding statistical significance.
Although we present all results, the discussion is limited to
variables where the level of significance was P , 0.01.
Results
The percentage of those with , 12 years of education
decreased while the percentage with . 12 years increased
during this period (Table 1). The percentage of the
population below a PIR of 1 and above a PIR of 4
increased from 1971–1975 to 1999–2002 (Table 1). Across
all surveys combined, a higher proportion of those in
lower PIR categories were female, non-white, aged 25 –39
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Table 1 Characteristics (percentage ^ SE, weighted) of the surveyed populations: NHANES I, NHANES
II, NHANES III and NHANES 1999– 2002
All surveys
n
36 600
Females
51.3 ^ 0.3
Race
White
87.0 ^ 0.6
Black
10.1 ^ 0.5
Others
2.9 ^ 0.3
Age group
25–39 years
38.5 ^ 0.5
40–59 years
42.3 ^ 0.4
60–74 years
19.2 ^ 0.4
Poverty income ratio
,1.0
10.7 ^ 0.3
1.0– 1.99
20.6 ^ 0.5
2.0– 2.99
20.8 ^ 0.4
3.0– 3.99
18.0 ^ 0.4
$4.0
29.7 ^ 0.7
Years of education
,12
26.8 ^ 0.5
12
32.9 ^ 0.5
.12
40.3 ^ 0.7

NHANES
I (1971– 1975)

NHANES
II (1976–1980)

NHANES
III (1988– 1994)

NHANES
1999– 2002

10 065
53.1 ^ 0.6

9659
51.9 ^ 0.5

11 002
50.7 ^ 0.5

5874
50.2 ^ 0.6

89.4 ^ 0.7
9.7 ^ 0.7
0.9 ^ 0.2

88.0 ^ 1.5
9.7 ^ 1.2
2.2 ^ 0.9

85.5 ^ 0.8
10.8 ^ 0.6
3.7 ^ 0.4

85.9 ^ 1.2
10.2 ^ 1.1
3.9 ^ 0.5

36.5 ^ 0.8
43.5 ^ 0.9
19.8 ^ 0.7

39.7 ^ 0.9
39.3 ^ 0.6
21.0 ^ 0.6

42.7 ^ 1.0
38.2 ^ 0.7
19.1 ^ 0.9

34.9 ^ 1.2
47.5 ^ 1.0
17.5 ^ 0.7

9.9 ^ 0.7
24.3 ^ 0.9
22.7 ^ 0.8
18.4 ^ 24.7
24.7 ^ 1.0

9.9 ^ 0.5
23.4 ^ 0.6
24.8 ^ 0.7
21.7 ^ 0.6
20.1 ^ 0.8

10.7 ^ 0.7
18.8 ^ 0.7
21.7 ^ 0.8
18.9 ^ 1.0
29.8 ^ 1.4

11.7 ^ 0.7
18.4 ^ 1.2
15.7 ^ 1.8
14.1 ^ 0.7
40.0 ^ 1.9

38.2 ^ 1.1
36.6 ^ 0.8
25.2 ^ 1.1

32.5 ^ 1.0
36.5 ^ 1.0
31.0 ^ 1.2

22.1 ^ 1.1
34.9 ^ 0.8
43.0 ^ 1.2

19.2 ^ 0.9
25.6 ^ 1.1
55.1 ^ 1.6

SE – standard error; NHANES – National Health and Nutrition Examination Survey.

years and with , 12 years of education. Respondents with
, 12 years of education were similarly more likely to be
non-white and in low PIR categories, but were more likely
to be aged 60 –74 years (data not shown; available from
the authors on request).
Secular trends from 1971–1975 to 1999 –2002 in the
various outcomes examined are presented in Table 2.
The percentage of the population with BMI . 30

kg m22, the covariate-adjusted means of serum HDL-C
concentration, reported amount of all foods and
beverages, energy density, and intakes of energy and
carbohydrate increased across surveys. However, the
adjusted means of serum TC concentration, total fat,
saturated fat, and the percentage reporting a DDS of 5
or a fruit in the recall declined from 1971 –1975 to
1999–2002.

Table 2 Adjusted mean ^ SE* and prevalence of biomarkers and dietary attributes in the US population: NHANES I, NHANES II,
NHANES III and NHANES 1999– 2002

BMI $ 30 kg m22 (%)†
Serum TC (mg dl21)†
Serum HDL-C (mg dl21)†‡
Amount of all foods and beverages (g)
Energy (kcal)
Energy density (kcal g21)§
Carbohydrate (g){
Total fat (g){
Saturated fat (g){
Vitamin C (mg){
Vitamin A (IU){
Calcium (mg){
Potassium (mg){
Mentioned a vegetable (%)
Mentioned a fruit (%)
DDS ¼ 5 (%)k

NHANES I

NHANES II

NHANES III

NHANES 1999– 2002

P (trend)

15 ^ 0.6
221 ^ 1.0
NA
2275 ^ 23
1937 ^ 18
1.58 ^ 0.01
223 ^ 1
87 ^ 0.6
31 ^ 0.3
93 ^ 2
5559 ^ 141
791 ^ 9
2496 ^ 19
91 ^ 0.4
60 ^ 0.8
46 ^ 0.8

15 ^ 0.4
219 ^ 1.1
48.7 ^ 0.4
2317 ^ 19
1927 ^ 16
1.60 ^ 0.01
225 ^ 1
87 ^ 0.6
31 ^ 0.2
106 ^ 2
5913 ^ 100
780 ^ 10
2642 ^ 18
90 ^ 0.4
59 ^ 0.9
43 ^ 0.8

24 ^ 0.9
208 ^ 0.8
50.7 ^ 0.3
2575 ^ 23
2188 ^ 17
1.67 ^ 0.01
253 ^ 2
80 ^ 0.8
27 ^ 0.3
101 ^ 2
6721 ^ 148
792 ^ 10
2816 ^ 17
92 ^ 0.4
52 ^ 0.8
37 ^ 0.8

33 ^ 1
204 ^ 1.1
51.1 ^ 0.3
2617 ^ 25
2228 ^ 14
1.71 ^ 0.02
260 ^ 1
78 ^ 0.6
25 ^ 0.2
88 ^ 3
5291 ^ 159
799 ^ 8
2656 ^ 23
92 ^ 0.5
51 ^ 1.0
37 ^ 1.0

,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
0.04
0.66
0.17
,0.001
0.17
,0.001
,0.001

SE – standard error; NHANES – National Health and Nutrition Examination Survey; BMI – body mass index; TC, total cholesterol; HDL-C – high-density
lipoprotein cholesterol; DDS – dietary diversity score.
* From regression models that included gender, age, age2, race/ethnicity (white, black, other), years of education (, 12, 12, . 12), poverty income ratio
(, 1.0, 1.0 –2.99, 2.0 –2.99, 3.0 –3.99, $ 4.0) and survey (NHANES I, II, III, 1999 –2002) (n ¼ 36 600).
† Models included BMI (for serum TC and HDL-C), smoking status (never, former, current), alcohol user (yes, no) and any leisure-time physical activity (yes,
no) in addition to above variables. Included respondents with complete covariate information (n ¼ 34 993 for BMI; 33 809 for serum TC; 23 685 for serum
HDL-C).
‡ HDL-C analyses were based on data from NHANES II, III and 1999 –2002 (HDL-C data were not available (NA) for NHANES I).
§ Energy density ¼ kcal g21 of all reported foods and nutritive beverages.
{ Models included energy intake (kcal).
k DDS based on consideration of mention of all five food groups (dairy, fruit, vegetable, grain, meat or alternative) in the recall.
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5
<12

12

>12

(a)
NHANES I (P<0.001)
NHANES II (P<0.001)
NHANES III (P<0.001)

0–
1.

(b) 270

1.

<1

.0

Years of education

55
50
45
40
35
30
25
20

.0

DDS=5 (%)

10

≥4

NHANES
1999–2002
(P = 0.4)

15

Main effects of education and PIR
Tables 3 and 4 present main effects only for those
variables where an interaction was not significant
(P . 0.01). Across all surveys combined, after adjustment for PIR and or its interaction with survey year,
increasing education level was associated (P , 0.001)

99

NHANES III
(P < 0.001)

3.

20

99

NHANES II
(P < 0.001)

0–

% obese

25

2.

NHANES I
(P < 0.001)

NHANES 1999–2002
(P<0.001)

3.

30

99

35

0–

(a)

the later surveys. The interaction of PIR with survey
(P , 0.001) was noted for the percentage reporting a
fruit or a DDS of 5, and energy-adjusted amount of
vitamin C (Fig. 2). In NHANES I and II, increasing PIR
was associated with higher percentage reporting a fruit
or all five food groups, and higher intake of vitamin C;
however, these PIR-related differences diminished or
disappeared in later surveys. The PIR by survey
interaction was also significant for serum TC
(P ¼ 0.001). Serum TC and PIR were positively
associated in NHANES II (P , 0.00 001); in all other
surveys, this association was not significant. (Table 4
provides only the main effect for this variable.) For all
other variables examined in this study, the interaction
terms were not significant (P . 0.01).

2.

Interactions of PIR and education with survey
The interaction of education with survey was significant
for carbohydrate intake (P , 0.001) and likelihood of
obesity (P ¼ 0.007) (Fig. 1), suggesting a change in the
association of these variables with education across
surveys. Both of these variables were inversely
associated with education in earlier surveys, but not

<12

12

>12

Years of education
Fig. 1 Changes in the association of years of education with (a)
prevalence of obesity and (b) self-reported, multivariate-adjusted
dietary carbohydrate intake from 1971–1975 to 1999– 2002
(NHANES – National Health and Nutrition Examination Survey)

≥4
.0

3.
99

2.
99

3.
0–

1.
99

2.
0–

.0

(c)
NHANES I (P<0.001)
NHANES II (P<0.001)

.0
≥4

99
0–

3.

99
3.

0–

2.

99

NHANES III (P=0.6)

1.

150

NHANES 1999–2002
(P=0.006)

PIR
120
110
100
90
80
70
60

<1

170

NHANES III (P=0.005)

20

1.

NHANES
1999–2002
(P = 0.03)

190

30

2.

NHANES III
(P=0.01)

NHANES II (P<0.001)

40

0–

210

NHANES I (P<0.001)

50

<1

NHANES II
(P=0.02)

60

1.
0–

Carbohydrate (g)

230

(b)

.0

NHANES I
(P=0.002)

Vitamin C intake (mg)

250

Mentioned a fruit (%)

PIR
70

NHANES 1999–2002
(P=0.1)

PIR

Fig. 2 Changes in the association of poverty income ratio (PIR)
with self-reported, multivariate-adjusted dietary attributes from
1971– 1975 to 1999– 2002: (a) reporting a dietary diversity score
(DDS) of 5; (b) reporting a fruit; (c) energy-adjusted vitamin C
intake (NHANES – National Health and Nutrition Examination
Survey)
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Table 3 Adjusted mean ^ SE* and prevalence of biomarkers and dietary attributes on the recall day, by categories of level of education in the US population, across all surveys (NHANES I, NHANES II, NHANES III
and NHANES 1999–2002)
Years of education

n
Serum TC (mg dl21)†
Serum HDL-C (mg dl21)†‡
Amount of all foods and beverages (g)
Energy (kcal)
Energy density (kcal g21)§
Total fat (g){
Saturated fat (g){
Vitamin C (mg){
Vitamin A (IU){
Calcium (mg){
Potassium (mg){
Mentioned any fruit (%)
Mentioned any vegetable (%)
DDS ¼ 5 (%)k

,12

12

.12

P (trend)

14 759
213 ^ 0.7
50 ^ 0.4
2458 ^ 22
2037 ^ 14
1.71 ^ 0.01
82 ^ 0.6
28 ^ 0.2
85 ^ 2
5253 ^ 142
749 ^ 8
2659 ^ 17
45 ^ 0.8
89 ^ 0.4
31 ^ 0.7

11 361
213 ^ 0.7
50 ^ 0.3
2525 ^ 19
2134 ^ 15
1.68 ^ 0.01
83 ^ 0.5
28 ^ 0.2
93 ^ 2
5504 ^ 106
776 ^ 9
2649 ^ 18
53 ^ 0.7
92 ^ 0.3
39 ^ 0.7

10 480
210 ^ 0.6
50.7 ^ 0.3
2432 ^ 18
2091 ^ 13
1.59 ^ 0.01
82 ^ 0.5
28 ^ 0.2
108 ^ 2
6608 ^ 140
832 ^ 8
2742 ^ 16
63 ^ 0.7
93 ^ 0.3
47 ^ 0.8

0.001
0.04
0.17
0.02
,0.001
0.44
0.53
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001
,0.001

SE – standard error; NHANES – National Health and Nutrition Examination Survey; TC, total cholesterol; HDL-C – highdensity lipoprotein cholesterol; DDS – dietary diversity score.
* From regression models that included gender, age, age2, race/ethnicity (white, black, other), years of education (, 12, 12,
. 12), poverty income ratio (, 1.0, 1.0 –1.99, 2.0 – 2.99, 3.0 –3.99, $ 4.0) survey (NHANES I, II, III, 1999 – 2002) and poverty
income ratio by survey interaction (mentioned any fruit, DDS ¼ 5 and vitamin C) (n ¼ 36 600).
† Models included smoking status (never, former, current), alcohol user (yes, no) and any leisure-time physical activity (yes,
no) in addition to above variables. Included respondents with complete covariate information (n ¼ 33 809 for serum TC;
23 685 for serum HDL-C).
‡ HDL-C analyses were based on data from NHANES II, III and 1999 –2002 (HDL-C data were not available for NHANES I).
§ Energy density ¼ kcal g21 of all reported foods and nutritive beverages.
{ Models included energy intake (kcal).
k DDS based on consideration of mention of all five food groups (dairy, fruit, vegetable, grain, meat or alternative) in the recall.

with lower serum TC and energy density,
intakes of vitamins A and C, calcium and
and reporting of a fruit, a vegetable or a
(Table 3). Higher PIR was similarly

but higher
potassium,
DDS of 5
associated

(P , 0.001) with lower BMI, carbohydrate intake
and energy density, but higher amount of all foods
and beverages, intakes of energy and potassium, and
reporting of a vegetable in the recall (Table 4).

Table 4 Adjusted mean ^ SE* and prevalence of biomarkers and dietary attributes on the recall day, by categories of level of PIR in the
US population, across all surveys (NHANES I, NHANES II, NHANES III and NHANES 1999–2002)
PIR

n
BMI $ 30 kg m22 (%)†
Serum TC (mg dl21)†
Serum HDL-C (mg dl21)†‡
Amount of all foods and beverages (g)
Energy (kcal)
Energy density (kcal g21)§
Carbohydrate (g){
Total fat (g){
Saturated fat (g){
Vitamin A (IU){
Calcium (mg){
Potassium (mg){
Mentioned any vegetable (%)

,1.0

1.0– 1.99

2.0 –2.99

3.0– 3.99

$4.0

P (trend)

6222
26 ^ 1
210 ^ 1.1
49.2 ^ 0.4
2366 ^ 30
2010 ^ 22
1.65 ^ 0.02
247 ^ 3
82 ^ 0.7
28 ^ 0.3
5522 ^ 193
797 ^ 13
2601 ^ 21
87 ^ 1

9578
25 ^ 0.8
211 ^ 0.9
50.2 ^ 0.3
2454 ^ 23
2081 ^ 17
1.68 ^ 0.01
248 ^ 2
82 ^ 0.5
28 ^ 0.2
5667 ^ 175
793 ^ 11
2612 ^ 22
88 ^ 0.5

7586
24 ^ 0.8
213 ^ 0.7
49.9 ^ 0.3
2451 ^ 21
2103 ^ 15
1.66 ^ 0.01
242 ^ 1
84 ^ 0.6
29 ^ 0.2
5839 ^ 155
798 ^ 9
2656 ^ 19
92 ^ 0.5

5729
21 ^ 0.8
213 ^ 0.9
50.2 ^ 0.3
2488 ^ 18
2110 ^ 14
1.65 ^ 0.01
243 ^ 2
82 ^ 0.7
28 ^ 0.3
5850 ^ 163
779 ^ 9
2657 ^ 20
93 ^ 0.5

7485
20 ^ 0.7
211 ^ 0.6
51.1 ^ 0.3
2518 ^ 19
2106 ^ 16
1.62 ^ 0.01
237 ^ 1
82 ^ 0.5
28 ^ 0.2
6212 ^ 135
790 ^ 9
2733 ^ 17
93 ^ 0.4

,0.001
0.24
0.002
,0.001
,0.001
0.003
,0.001
0.92
0.18
0.01
0.42
,0.001
,0.001

SE – standard error; PIR – poverty income ratio; NHANES – National Health and Nutrition Examination Survey; BMI – body mass index; TC, total cholesterol; HDL-C – high-density lipoprotein cholesterol; DDS – dietary diversity score.
* From regression models that included gender, age, age2, race/ethnicity (white, black, other), years of education (, 12, 12, . 12), PIR (, 1, 1.0 –1.99, 2.0 –
2.99, 3.0 –3.99, $ 4.0) survey (NHANES I, II, III, 1999 –2002) and education by survey interaction (carbohydrate, BMI).
† Models included BMI (for serum TC and HDL-C), smoking status (never, former, current), alcohol user (yes, no) and any leisure-time physical activity (yes,
no) in addition to above variables. Included respondents with complete covariate information (n ¼ 34 993 for BMI; 33 809 for serum TC; 23 685 for serum
HDL-C).
‡ HDL-C analyses were based on data from NHANES II, III and 1999 – 2002 (HDL-C data were not available for NHANES I).
§ Energy density ¼ kcal g21 of all reported foods and nutritive beverages.
{ Models included energy intake (kcal).
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Discussion
The data presented reveal that SEP differentials in selfreported dietary attributes and biomarkers examined in this
study did not increase in the US population from 1971 to
2002. However, SEP differentials in most examined
outcomes persisted over three decades. Diminished SEP
differentials were seen for only a few of the outcomes and
may reflect population-wide shifts in intake (discussed
below). Therefore, while our findings do not support
increasing SEP differential in diet quality as a contributor to
the increasing SEP differential in mortality, they do suggest
the continued importance of diet in addressing educationand income-related disparity in health of the US population.
The education differential in the energy-adjusted amount
of carbohydrate and the PIR differential in mention of a fruit
or all five food groups (DDS of 5) and vitamin C intake,
noted in 1971– 1980, declined from 1988 to 2002. The
narrowing of the education differential in carbohydrate
intake appears to reflect a population-wide increase in the
intake of this macronutrient rather than a selective change
by the low-education group. Similarly, narrowing of the
PIR-associated gap in mention of a fruit or all five food
groups does not appear to be due to gains by respondents
in low PIR categories, but rather because of lower reporting
of these food groups by higher PIR respondents in later
surveys. Nevertheless, we cannot exclude the possibility of
SEP differences in types of carbohydrates or of foods within
each of the five food groups, as our methods were not
sensitive to these differences. For example, it is possible
that, within a food group, food selections (such as fish vs.
hamburger, fresh fruits vs. canned fruits, or whole grains vs.
refined grains) may differ by SEP categories, and their
patterns of consumption may also have changed over time.
These possible SEP differences in quality of food choices
require further study.
In our study, both measures of SEP were independent
predictors of several dietary attributes. However, relative
to PIR as operationalised in this study, not only were
education differentials present for most of the examined
dietary and biomarker outcomes, but also the magnitude
of these differentials was larger. Although total energy
intake or amount of foods reported appeared to differ little
by education, the intake of micronutrients examined in the
study (vitamins A and C, potassium and calcium), and
mention of fruits, vegetables or overall diet quality (DDS),
were lower in Americans with a lower level of education in
all surveys. This suggests that in all surveys, food
selections reported by respondents with higher education
differed from those of respondents with lower education
level. Conversely, increasing PIR was accompanied by an
increase in total amount of reported foods and energy
intake, but not all micronutrients. Education and PIR are
known to be correlated. However, the two indicators are
able to capture different dimensions of dietary behaviours,
which may explain the different associations of education
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and income with the outcomes examined in this study.
While income may be related to diet by affecting
purchasing ability for foods recommended in dietary
guidance, this gap can be somewhat narrowed by food
assistance programmes. The level of education, however,
can affect not only purchasing ability, but also may be
associated with exposure to and understanding of dietary
information, which in turn may relate to motivation for
acquisition of behaviours promoted in dietary guidance.
To close the education-related gaps in dietary quality, it is
important that dietary guidance-related messages be
simple and use media that are accessible to Americans
with a lower level of education. Moreover, food assistance
programmes should include nutrition education
components.
Reports from the Nationwide Food Consumption
Survey, 1977 –1978 and NHANES II, 1976–1980 found
little variation in unadjusted dietary nutrient intakes by
household income or level of education31,32; although
other reports have provided evidence of a SEP differential
in dietary intakes33 – 42. Relatively few studies, however,
have examined time trends in the association of dietary
intake with SEP43 – 46. With one exception46, most of the
published reports on time trends in SEP and diet
association have studied populations in different European countries43 – 45. A comparison of our results with
findings from other studies is complicated by differences
in methods of dietary assessment, time period covered in
the trend analysis, operational forms of dietary variables
and measures of SEP, and analytic methodology. Despite
these differences, the results of most of these studies43 – 45
are concordant with the results reported here. The lack of
an association of dietary total and saturated fat intake with
measures of SEP in our study is in accord with other such
reports from Europe43,45 and the USA46. Data from the
Dutch National Food Consumption surveys revealed
persistence of socio-economic status-related differences
in micronutrient intake in the period from 1987 to 199744.
Conversely, using food consumption data from the UK,
James et al. concluded that the socio-economic gap in
consumption of fruits, vegetables and vitamin C widened
over the 15-year span from 1980 to 199512.
We found the strong PIR differential in the likelihood of
being obese to be unchanged from 1971–1975 to 1999 –
2002; however, the education-related differential narrowed in 1999– 2002. Zhang and Wang also examined
trends in the association of education and obesity in 20 –
60-year-olds using data from NHANES I to NHANES 1999 –
2000, and found that the education differential in risk of
obesity had declined in the last survey47. We observed
similar trends, although Zhang and Wang did not formally
test for the change in the association of education with
obesity across surveys, nor did they adjust for the effects of
several known correlates of body weight.
James et al.12 and Drewnowski et al.48 have argued that
in affluent nations, the diet quality of lower-income
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consumers compares unfavourably with that of higherincome consumers because diets rich in protective
nutrients cost more. In an analysis of French diets, high
sugar and fat intakes were associated with lower overall
diet cost but higher energy density41. Thus, diets with high
energy density may be consumed in association with low
SEP and may be implicated in a higher risk of obesity in
these consumers. Our results are supportive of the notion
that low-SEP consumers have diets of higher energy
density. Education and PIR were independent predictors
of dietary energy density in all four surveys.
We would like to note the following limitations of our
study. First, the methods used to collect the 24-hour
dietary recall in NHANES have changed over the course of
the four surveys14. These include a change in methods
used by dietary interviewers to administer the 24-hour
recall, and use of multiple-pass and probing to improve
the recalls. Second, the database on nutrient composition
of foods has expanded and values of many nutrients may
have changed because of improved analytical techniques
and food sampling methods49. Third, the recalls obtained
in NHANES I and II were limited to weekdays, whereas
weekend days were included in later surveys14. Because
the NCHS did not conduct any bridging studies to
determine the systematic effect of changes in dietary
methodology on food and nutrient intakes, the confounding of time effect with the method effect remains a
possibility. For these reasons, we urge caution in
interpretation of secular trends across surveys presented
in Table 2. Within each survey, however, the methods
used for data collected from all respondents in all potential
exposure categories of income or education were similar.
Therefore, while these data may be of limited value in
estimating survey effect, they are valid for an examination
of changes in the association of measures of SEP with
dietary attributes in these surveys. To our knowledge,
there are no data to help us examine the possibility that
change in methodology may differentially affect those
with different PIR or education.
We also note that because Hispanics were included with
whites in the NHANES I and II public release data, we
grouped them similarly in later surveys. Because the
distribution of Hispanics in the US population has changed
over the period of these surveys, this may have biased the
results of secular trends.
Measurement error has been recognised as a problem in
all methods of assessing dietary intake, including 24-hour
recalls used in the NHANES50,51. Low energy reporting has
been noted in NHANES II and NHANES III52 – 54, and is
more likely to occur in conjunction with low income and
low level of education55. In an attempt to explore this
issue, we examined trends in the association of PIR and
education with the ratio of reported EI to calculated BEE.
Using a ratio of , 1.2 to suggest low energy reporting, the
percentage of the population reporting EI/BEE of , 1.2
decreased over time; but we found no change in the
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association of PIR or education with the odds of reporting
EI/BEE , 1.2 (data not shown). Given the increasing
media focus on the association of diet with health,
however, it is possible that patterns of reporting of
‘nutritionally correct’ foods may have changed over time,
and the type of reporting errors also may differ by
categories of exposure variables. The EI/BEE ratios are of
little value in examining these issues, which require
further investigation. Due to the lack of repeat measurement of dietary intake in all surveys, we could not
compute usual dietary intakes per recent recommendations56; therefore, we did not derive estimates of
prevalence of nutrient adequacy.
In conclusion, although the income and education
differentials in self-reported food and nutrient intake did
not increase over time, the persistence of such differences
over three decades suggests continued need for improvement in the quality of diets of Americans with a low
income and education.
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